Recent measurements of lifetimes of some b-flavored hadrons are presented and interpreted in the context of theoretical models, especially the Heavy Quark Expansion. Decay widths and decay width differences in the B 0 s − B 0 s system are discussed from studies of decays into the final states
Introduction
Lifetimes of elementary particles contain important information about the interactions that govern their decays. Theoretical models worthy of consideration must predict lifetimes, or ratios of lifetimes, accurately. Decay time distributions are basically exponential but in neutral meson decays can be modified by both mixing and CP violation. However, this is a crude way to learn about CP violation. One model, called the Heavy Quark Expansion, HQE, is used to determine |V cb | and |V ub |. It can be tested by using its predictions for relative b-hadron lifetimes [1] . At lowest order the b-quark decay governs the lifetime, except for B c decays that are not covered here, but higher order corrections are important. Let us first consider the decay of B 0 s mesons. Since we sum over B 0 s and B 0 s decays to measure lifetimes, the decay time distribution into a given final state f is given by [2] 
In this paper we work in units where = c = 1, so the lifetime τ = 1/Γ. While the above equations equally can be applied to B 0 ≡ B d decays, ∆Γ d /Γ d has been measured as 0.015±0.018 by the e + e − B-factories [3] , so the decay time distribution can be treated as purely exponential given the derived limit ∆Γ d < 0.032 ps −1 @ 95% confidence level (CL), consistent with the theoretical prediction in the Standard Model (SM) of 2 × 10 −3 ps −1 [4] . This measurement should be pursued as the sensitivity is not close to the theoretical prediction and physics beyond the SM may well appear [5] .
For B 0 s decays, ∆Γ s is not small and A ∆Γ depends on the decay mode, mainly through A f /A f as 1−|q/p| has been measured as being small [6] . For "flavor specific" 
I distinguish between two different methods of measuring lifetimes here. The usual method is to measure lifetimes absolutely, by fitting distributions of decay times to appropriate exponential or modified distributions after determining acceptances. For example, the B 0 lifetime is measured as 1.519±0.005 ps, from many sources [6] , the most precise being the e + e − B-factory experiments. Another strategy is to measure the ratio of lifetimes of two different B species. This usually done with the same decay topologies, for example [11] for a discussion), only measurements that determine simultaneously the width, the width difference and the CP violating phase are considered. These measurements are listed in Table 1 . This approach differs from the current HFAG scheme of averaging all measurements including those in CP eigenstate modes, by estimating A ∆Γ from SM theory. An example of the decay time distributions and signal fits is given in Fig. 1 The pull distribution at the bottom shows the difference between the data and fit value normalized to the data uncertainty. precision of 0.7%, ∆Γ s is much less well determined with the measurements widely scattered. Figure 2 shows the different measurements and my average, which is consistent with theoretical predictions [4, 19] . It is also important for the interpretation of these results that CP violation in these modes is measured to be small. The recent LHCb results, summarized by Artuso at this meeting [20] average to 70 ± 55 mrad, sufficiently small to be ignored when only the CP violation due to mixing is in play.
To get a better idea on the size of ∆Γ s it is useful to look at decays into specific eigenstates. The final state J/ψ f 0 (980) is CP odd, corresponding to the |B H Fig. 7 (right). The lifetime acceptance is determined by using a procedure called "swimming" of the primary vertex, developed by previous experiments [22] . For each decay a per-event acceptance function is determined by moving the primary vertex along the momentum vector of the B particle. The measured The measured values for the CP eigenstate lifetimes are in good agreement with the"predicted" values. This is expected for all the modes except K + K − , which also is in good agreement showing that A ∆Γ is consistent with not being affected by CP violation. I conclude that we now have a good experimental understanding of the B 
The heavy quark expansion (HQE)
The use of the optical theorem and the operator product expansion leads to a theoretical prediction for the decay width, and hence lifetime, for each b-flavored hadron [ 
Note
− and B 0 semileptonic decays, so its verification is of prime importance. The HQE was first invented circa 1986 [26] . Predictions were made using available calculations for the c i,b and matrix elements. One such set of predictions was [27] that [28, 29] effects were also small, thus differences of only a few percent were expected [28, 30] . Measurements at LEP in the indicated that τ (Λ 0 b )/τ (B 0 ) was significantly lower than the prediction: in 2003 one widely quoted average of all data gave 0.798 ± 0.052 [31] , while another gave 0.786 ± 0.034 [32] . Explanations of the small value of the ratio were attempted by including additional operators or other modifications [33] , while there was resistance by others, who thought that the HQE could be pushed to provide a ratio of ∼0.9, but no smaller [34] .
More recent measurements showed indications that a higher value is possible [35], although the uncertainties of these measurements are large. The LHCb collaboration performed two measurements of the lifetime ratio using the Λ Fig. 10(a) . The individual acceptances in both cases exhibit the same behaviour of decreasing below 1 ps. The ratio of the decay time acceptances is shown in Fig. 10(b) . The decay time range is chosen between 0.4-7 ps because the acceptance is poorly determined for larger decay times, while for smaller ones the individual acceptances decrease quickly.
The yield of b hadrons for both decay modes is determined by fitting the candidate invariant mass distributions in each decay time bin. The resulting signal yields as a function of decay time are shown in Fig. 11 .
The ratio of lifetimes is determined as 
In what follows I will use this value rather than an average of all the measurements as it is somewhat ad hoc to know which to include. It might be a good idea, however, to use only full reconstructed hadronic decays in averages whenever possible. The decay times in semileptonic decays must be corrected for missing particles and this processes could be biased and is subjected to additional systematic uncertainties. c decaying into pK − π + . Thus, the relative acceptance ratio is the consequence of different masses and different charm baryon lifetimes. The invariant mass for candidate decays is shown in Fig. 15 .
The measured yield ratio in each time bin is corrected by the relative efficiency of the two decay modes, as obtained from simulated decays. The efficiency-corrected yield ratio is shown in Fig. 16 , along with the fit to an exponential function. The points are placed at the weighted average time value within each bin, assuming an exponential distribution with lifetime equal to τ (Λ /τ B 0 ratio is measured much better than the theoretical prediction, so more effort here can be used to improve the calculation. For all the calculations, the current inaccuracy in theory is dominated by the unknown nonperturbative matrix elements, which could be determined by lattice calculations.
In conclusion, a great deal of progress has been made recently understanding b-hadron lifetimes. 
